












































































































































Ash 5.8 to 16.4 (8.97) percent

Total Sulfur 0.5 to 4.6 (1.92) percent

Pyritic Sulfur 0.11 to 4.02 (1.07) percent -

Organic Sulfur 0.32 to 0.61 (0.43) percent

Free~Swelling Index 2.0 to 9.0 (5.5)

Calorific Value 12,190 to 14,270 (13,420) Btu per
pound

Calculation of rank reveals that the samples are medium-volatile

bituminous.

Coal Bed No. 7
This coal bed is in the upper part of the Warren Point Member of
the Gizzard Formation and was called the Underwood by Culbertson.
~(1963). Johnson (1946) placed the No. 7 coal bed .in the Sewanee
‘Member of the Lookout Sandstone Formation and designated it the Cliff

coal seam. It is in association with thin shales enclosed in massjive

.. blanket sandstones and conglomeratic sandstones. We neither collected

the coal nor.megsured it because the occurrence of the coal is very

sporadic.

Coal Bed No. 6A .
This coal bed occurs near the base of the Signal Point Shale
Meriber of the Gizzard Formation. The coal is associated with shales

and is lenticular and very sporadic. We correlate the 6A bed with

". Culbertson”s Upper Cliff No. 2 coal bed on the basis of our field

-studies. We neither collected nor measured the ¢oal. This coal bed

occurs only on Lookout Mountain.
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Johnson (1946) reported that his sample number B42735 (Table 7)
was from a test pit in tﬁe No. 6 coal. We have concluded that this
sample and the test pit are in the No. 6A coal bed and have shown it
ughis way in Table 7. The ash content of the sample is 22.3 percent;
;otél sulfur content is 1.2 percent; and heating value is 11,520 Btu
pér pound.

A coal rank calculation, using the Parr Formula, on the analysis
given by Johnson reveals that the sample is medium-volatile

bituminous; the sample was collected on Lookout Mountain.

Coal Bed No. 6

Tbe No. 6 coal bed occurs at the top of the Signal Point Shale
Member‘qf‘the Gizzard Formation. Culbertson (1963) referred to this
bed as the Upper Cliff No. 1. Locally this coal bed has been
vdesignatgd as the Whitwell Marker. Johnson (1946) found that this coal
bed ranges from 6 to 10 iHChes“%ﬂthickn¢S$fﬂ,
-5ﬁring’thé/£resent study we collected one sample (8ALA) of this
coal on Lookout Mountain. At the collection site, the bed is 24
inches thick. The roof rock is sandstone andlthe floor rock is shale.

Johnson provided chemical analysis for one sample from the No. 6‘
coal bed from Lookout Mountain (Table 7, Sampie No. H208). This
sample, from a mine drift, has 34.0 percent ash; 0.4 percent total

sulfur; and a heating value of 7,880 Btu per pound.

Analytical results for our sample are given below:

Ash 3.7 percent
Total Sulfur 1.3 percent
Pyritic Sulfur 0.76 percent
Organic Sulfur 0.40 percent
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Free—Swelling Index 8.0
Calofific Value 14,540 Btu per pound
The calculated rank of this sample is low-volatile bituminous. The
analysis of the sample collected by Johnson indicates a calculated rank

of medium-volatile bituminous.

Coal Bed No. 5A
This coal bed is in the upper part of the Sewanee Member of the

Crab Orchard Mduﬁtains Formation. Seven samples (2GA, 3GA, 6GA, 30GA,
38GA, 2ALA, and 5ALA) were collected and analyzed from this coal bed;
all were collected from Lookout Mountain. At the collection sites the
cogi bed iaﬁges‘frOm 7 to 22 inches in thickness. Samples 2GA, 6GA,
38GA, and 2ALA have shale roofs; they have both shale and underclay for
floor}r&ék; Samples 3GA, 30GA, and 5ALA have sandstone or
 66ng1omeraticvéandstone roofs; both underclay and shale occur as floor
rock.

L??AhalytiCai results for the seven coal samples from No. 5A coal bed

are given below 'as the range and geometeric mean (in parentheses).

 Ash | 5.3 to 12.6 (7.2) percent
' Total Sulfur ' 0.5 to 2.5 (0.99) percent
Pytific Sulfur 0.07 to 2.14 (0.32) percent
Otganic Sulfur 0.33 to 0.60 (0.47) percent

Free—Sweliing Index 1.0 to 9.0 (5.0)
Calorific Value 11,200 to 14,530 (13,520) Btu per pound

Calculated rank is medium-volatile bituminous.
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Coal Bed No. 5

This coal bed is located near the bottom of the Whitwell Shale
Member of the Crab Orchard Mountains Formation. Johnson (1946) called
it the Vandever Marker because of its widespread distribution and
Culbertson (1963) called it the Sewanee. Johnson believed that this
coal bed was an excellent stratigraphic marker but that it is never
thicker than 8 inches and is too thin to be of economic interest.

In the present study this coal bed is represented by two samples,
IATLA and 3ALA, which were collected on Lookout Mountain. The
thicknes; of the bed at the sampling sites ranges from 9 to 10 inches.
The roof and floor rocks are shale.

Chemical data from analyses of the two samples reveal the

following ranges and geometric means (in parentheses).

Ash 2.0 to 3.8 (2.76) percent

| Total Sulfur 0.6 to 0.90 (0.73) percent
....,_4:..___..Pyritic Sulfur- -~ ~0.2 to 0.36 (0.27) percent

Organic Sulfur 0.41 to 0.49 (0.45) percent

Free-Swelling Index 4.5 to 8.5 (6.0)
Calorific Value 14,850 to 15,160 (15,000) Btu per pound
The calculated rank of these two samples is low-volatile

bituminous.

Coal Bed No. 4
This coal bed is in the upper part of the Whitwell Shale Member of
the Crab Orchard Mountains Formation and was called Tatum by
Culbertson (1963). Johnson indicated that the No. 4 bed was present
in two benches separated locally by shale and sandy shale ranging in

thickness from a few inches to several tens of feet.
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We collected thirteen coal samples (1GA, 4GA, 5GA, 18GA, 25GA,
26GA, 27GA, 29GA, 34GA, 35GA, 36GA, 37GA, and 4ALA) of this coal bed
_on Lookout Mountain. These samples are from locations where the coal
is 9 to 23 inches thick. Sample 36GA represents the upper 13 inches
of an 17-1/2 inches thick bed; sample 37 GA represents the entire
17-1/2 inches of this bed at this collection site.

We found the roof floor lithologies to be quite variable for
samples of the No. &4 coal, For example, sample 26GA has a sandstone
roof and‘underclay,floor. Samples 1GA, 29GA, 34GA, 36GA, and 37GA
haye interlayered shale, siltstone, and sandstome roof rocks; the
floor rock for these sites is mostly underclay. Sample numbers 4GA, -
5GA, 18GA, 25GA, 27GA, 35GA, and 4ALA have shale for roof rock and
underclay for a floor rock.

Table 7 lists the chemical analyses for six coal samples reported
by Johnson (1946), Gildersleeve (1946), or Nelsom (1945) for the No. 4
coal bed. The range in ash content is from 2.0 to 13.5 percent; total
sulfur content is from 0.5 to 1.1 percent; and calorific value is from
13,210 to 14,830 Btu per pound.

Chemical data for our thirteen samples of the No. 4 coal are given
below. The geometric means are in parentheses. Ultimate and
proximate analyses were not performed on two of the samples (4GA and

36GA); however, U.S. Geological Survey analyses were made on all

samples.
Ash. 1.6 to 24.0 (4.17) percent
Total Sulfur - 0.49 to 1.07 (0.67) percent S
Pyritic Sulfur 0.01 to 0.41 (0.12) percent
.Organic Sulfur 0.29 to 0.72 (0.44) percent
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Free-Swelling Index 1.0 to 9.0 (6.0)
Calorific Value 11,340 to 15,190 (14,320) Btu per pound
Five analyses presented by Johnson (1946), Gildersleeve (1946) and
Nelson (1945) for six samples from Lookout Mountain yield a calculated
rank of low-volatile bituminous: one sample (H212) is medium—volatiie
bituminous.
All of our samples have a calculated rank of low-volatile
bituminous, except 25GA; its calculated rank is medium—~volatile

bituminous.

Coal Bed No. 3
This coal bed is located near the bottom of the Vandever Member of
the Crab Orchard Mountains Formation and in Georgia is found omnly in
the vicinity of the Durham Mines on Lookout Mountain. Johnson stated

that the No. 3 bed was the thickest coal bed on Lookout Mountain; that

‘it-had been the most consistent producer in northwest Georgia coal

fields; and that it consisted of two coal benches separated by a shale
parting.
We collected three coal samples of the No. 3 coal (13GA, 16GA, and

17GA) from Lookout Mountain. The range in thickness of the coal bed

"at the collection sites is from 13 1/2 to 22 inches. Both the roof

and floor rock are shale except in one area where the floor rock is
underclay.

Chemical data from Johnson (1946) for four samples from the No. 3
bed are shown in Table 7. These data show that the ash content ranges
from 2.6 to 9.5 percent; total sulfur content from 0.6 to 1.5 percent;

and calorific value from 13,660 to 14,770 Btu per pound.
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Analytical data from three samples collected during the present
study are given below. The range of values is followed by the
geometric mean (in parentheses).

Ash 2.2 to 7.4 (3.70) percent

Total Sulfur 0.60 to 0.80 (0.70) percent
Pyritic Sulfur 0.09 to 0.23 (0.15) percent
Organic Sulfur 0.49 to 0.59 (0.52) percent

Free-Swelling Index 7.0 to 9.0 (8.0)
Calorific Value 14,150 to 15,170 (14,740) Btu per pound
Samples 13GA and 16GA have a calculated rank of low-volatile
bituminous. The rank of the three samples presented by Johnson also

is low=-volatile bituminous.

Coal Bed No. 2

The No, 2 coal bed occurs approximately 56 feet above the No. 3
coal bed in the lower part of the Vandever Member of the Crab Orcyard
Mggptéins Formation. = Johmson found this coal bed to be thin, dirty,

nerratic in occurrence, and generally less than one foot thick.

We collected two samples (14GA and 15GA) from this coal bed on
qukout Mountain. These samples are from the same site. The firﬁt'
sample, 14GA, represents the upper 9 inches of the No. 2 coal bed; the
second sample, 15GA, is from the lower 6 inches of the bed; a 1 inch
shale parting separates the samples. The total bed thickness,
including the parting, is 16 inches. The floor and roof rocks are
shale.

' The range in chemical data and the geometric mean (in parentheses)
for the two samples is given below. The two samples taken together

represent the composite chemical composition of the No. 2 coal bed.
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Ash 11.3 to 21.8 (15.7) percent

Total Sulfur 3.9 to 4.4 (4.14) percent

Pyritic Sulfur 3.38 to 3.39 (3.38) percent

Organic Sulfur 0.34 to 0.86 (0.54) percent

Free-Swelling Index 5.5 to 7.5 (6.5)

Calorific Value 11,350 to 13,140 (12,210) Btu per
pound

Both samples have a calculated rank of low-volatile bituminous.

Coal Bed No. 1

Johnson (1946) stated that the No. 1 coal bed was approximately 60
feet above the No. 2 coal bed near the middle of the Vandever Member
of the Crab Orchard Mountains Formation. Johnson found that the No. 1
coal bed is limited to the small horseshoe-shaped area on Round
Mountain near Durham. He suggested that the coal is thin and
" generally is 18 to 20 inches thick; itévméxiﬁuhwéhickness ig aboﬁ£ 30
inches.

We collected one sample of this coal (28GA) on Lookout Mountain.
The coal there is 25 inches thick; its roof rock is interlayered shale
and siltstone; the floor rock is shale.

Johnson (Table 7) presents the analyses for three samples
collected from this coal bed. These analyses reveal that the ash
content ranges from 11.7 to 26.8 percent; total sulfur ranges from 1.5
to 3.0 percent; and calorific value ranges from 11,010 to 13,540 Btu
per pound.

Analysis of our sample yielded the following compositional data.

Ash 9.8 percent

Total Sulfur , 1.5 percent
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Pyritic Sulfur " 0.06 percent
Organic Sulfur 1.25 percent
Free-~Swelling Index 9.0
Calorific Value 13,790 Btu per pound
The calculated rank for the single sample is medium-volatile
bituminous. All of the samples collected and reported by Johnson

indicate a calculated rank of medium-volatile bituminous.

Comparison of Quality of Sand and Lookout Mountains Coal with Other

Coal

‘Goldschmidt (1954) characterized the behavior or geochemical
affinity for elements into various subdivisions such as lithophil, -

- chalcophil, and biophil. Lithophil elements are characteristically -
associated with the silicates (clays, feldspars, micas, quartz),
carbonates, and various oxide minerals. For a complete listing and”
‘discussion of minerals identified in coal, the reader should consult
0“Gorman and Walker (1972), Mackowsky (1982), Finkelman (1980), or
Davis and others (1984):

Silicate, carbondte, and oxide minerals may occur in coal as
disseminated grains, in layers, as nodules, or as coatings along c¢leat
surfaces., Their origin may be detrital, diagenetic,‘post+diagene£ic
alteration, or simply epigenétic. The same occurrence and origin -

- relationships exist for the chalcophil eléments.

It is evident that any comparisons or discussion of geochemical
trends, relative quality, and anomalous values are dependent on the
representative nature of the coal samples, that is, thé number,"
distribution, sampling methods, method of analysis, and quality of the

analysis. For many of the coal beds only 1 or 2 samples were
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collected, and for these only preliminary and general conclusions can
be drawn. The following discussions therefore are tentative; they
offer a guide to Georgia coal resource characterization and to further
research. In this bulletin, we use Goldschmidt”s geochemical
classification scheme to better understand the geologic and
geochemical distribution and concentration of elements in coal at Sand
and Lookout Mountains.

Table 8 lists the geometric mean for the lithophil elements as
'oxides in coal samples from Sand and Lookout Mountains. Also listed
for discussion and comparison purposes are the geometric means for 968
bituminous coal samples from the eastern United States (Zubovic and
others, 1980), 27 samples from Tennessee (Zubovic and others, 1979),
and 20 samples from Alabama (Zubovic and others, 1979). Examination
of the concentration values in this table reveals little difference

among the Si0Og, A1203, Mg0, K90, Fep03, MnO, and T102 values. There

are differences in the Ca0 and Na20 and P205 contents for some of the”
samples, especially between those of this study and Alabama. The Ca0
concentration in samples of this study and Tennessee samples is
notably higher than for bituminous coal samples from the eastern
United States and those samples from Alabama.

Higher Ca0 values are present in the No. 6, No. 5, No. 4, and No.
3 coal beds. The Fey03 content‘for coal beds No. 8, No. 6, and No. 2
is also higher than the overall geometric mean for the Sand and
Lookout Mountains samples. The P05 concentration for the No. 9, No.
6, No. 2, and No. 1 coal beds is unusually high when compared with the

overall geometric mean for the Sand and Lookout Mountains samples.
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Table 8. Geometric means for lithophil elements (as oxides) in bituminous coal
samples from Sand and Lookout Mountains, eastern U.S. , Tennessee, and
Alabama. All values in weight percent of coal-ash. Some values have
been rounded.

Oxide Sand and 968 samples 27 samples 20 samples
Lookout Eastern U.S. Tennessee Alabama
Mountains (Zubovic and (Zubovic and (Zubovic and
47 samples others, 1980) others, 1979) others, 1979)

8109 38. 41. 39. 48.

Al903 24, 23. 25. 30.

Ca0 1.61 1.2 2,8 0.97

MgO 0.92 0.76 0.71 0.83

Na,0 0.24 0.38 0.28 © 0.46

K90 1.77 1.6 1.7 1.7

Fey03 14, 12. 12. 11.

Mno 0.02 0.02 0.02 0.01

Ti0g 0.99 1.1 1.2 1.5

P40s 0.21 0.03 0.43 0.51
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Table 9 lists the mean content of minor and trace lithophil
elements, on a whole-coal and as—~received basis. Examination of thié
table provides the following relationships when the geometric means of
bituminous coal samples from Sand and Lookout Mountains, eastern
United States, Tennessee, and Alabama are compared:

. ¥ Beryllium, cerium, chrominum,.europium, lanthanum, °
scandium, sameiidm,~£e;bium, and yttrium have about the
same concentrations in Sand and Lookout Mountains coal as
in the eastern United States, Tennessée, and Alabama coal.

* The concentration of hafnium in Sand and Lookout Mountains
coal is about the same as that in eastern United States
bituminous and Tennessee_coal. Hafnium concentration in
the Alabama coal is about twice as much as in Sand and
Lookout Mountains coal.

* Strontium is about three times higher in the Sand and

~m:~“““ﬁtﬁ -~ Lookout Mountéiﬁé”éamples—fﬂgﬁufﬁméastéfﬁyUnited Stéféé-
samples.

% Barium, uranium, and vanadium in the Sand and Lookout
Mountains coal is about the same as in eastern United
States and Tennessee samples.

* Cesium and lithium concentrations in the Sand and Lookout
Mountains samples are about the same as in eastern United
States samples; boron is about two times lower in the Sand
and Lookout Mountains coal when compared to eastern United
States coal samples.

* Cesium and lithium concentrations in Sand and Lookout
Mountains samples are twice as high as in the Tennessee

samples; neodymium is about the same in both the Sand and
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Table 9.

Geometric medns for lithophil minor- and trace~eleménts in bituminous
coal samples from Sand and Lookout Mountains, eastern U.S., Tennessee,
and Alabama. All values in parts-per-million on whole-coal, as-received
basis. Some values have been rounded.

Element Sand and 968 samples 27 samples 20 samples

Lookout Eastern U.S. Tennessee Alabama
Mountains (Zubovic and (Zubovic and (Zubovic and
47 samples others, 1980) others, 1979) others, 1979)

B 8. 22. 35. 30.

Ba 50. 57. 36. 160.

Be 1.5 2,2 1.1 2.4

Ce 17. 12. 11. 25,

Cr 12. 14, 7.4 19,

Cs 0.8 0.64 0.42 1.4

Eu 0.35 0.24 0.22 0.46

Ge 1.3 0.83 0.86 2.6

Hf 0.5 0.42 0.47 1.1

La 9. 6.8 5.6 14,

Li 14, 14, 6.5 35.

Nd 9. 1.9 5.7 18.

Rb 19, - - -

Sc 2.9 3.1 2, 4.6

Sm 1.6 0.94 1.1 2.1

St 164, 62. 47. 150.

Tb 0.28 0.20 0.18 0.31

Th 1.7 - - -

U 0.6 1.1 0.78 1.8

v 15. 18. 9.3 29,

W 0.09 - - -

Y 7. 7.5 5. 11.

Zr 15. 22. 9.9 49,
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Lookout Mountains and Tennessee samples; and barium is
three times lower in the Sand and Lookout Mountains samples
than in Tennessee coal.

* Neodymium, cesium, germanium, lithium, vanadium, and
uranium are two to three times lower in the Sand and
Lookout Mountains sample than in Alabama samples.

* Strontium concentration is about the same in both the’
Alabama and the Sand and Lookout Mountains samples;

* Boron is four times lower in the Sand and Lookout Mountains
samples than in Tennessee and Alabama samples.

* Zirconium concentration is about the same in Sand and
Lookout Mountains and eastern United States samples;
Tennessee coal contains slightly less than the Sand and
Lookout Mountains coal; in Alabama the zirconium
concentration is three times greater than in Sand and

mie————LooOkout  Mountaing samples.”

Table 10 lists the geometric means of some chalcophil elements.
These elements normally occur in their greatest concentrations in
sulfide minerals such as pyrite, marcasite, sphalerite, greigite,
galena, chalcopyrite, and pyrrhotite; all these have been previously
identified in coal. Examination of Table 10 reveals the following
differences and similarities between the Sand and Lookout Mountains
coal and those geometric means of samples of eastern United States,
Tennessee, and Alabama coal (Zubovic and others, 1979):

* The concentration of silver, cobalt, copper, mercury,
nickel, lead, and selenium in the Sand and Lookout
Mountains samples is about the same as in eastern United

States, Tennessee, and Alabama coal samples. Copper and
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Table 10.

Geometric means for chalcophil trace elements in bituminous coal samples
from Sand and Lookout Mountains, eastern U.S., Tennessee, and Alabama.
All values in part-per-million, whole-coal, as-received basis. Some
values have been rounded.

Element Sand and 968 samples 27 samples 20 samples
Lookout Eastern U.S. Tennessee Alabama
Mountains (Zubovic and (Zubovic and (Zubovic and
47 samples others, 1980) others, 1979) others, 1979)

Ag 0.05 0.02 0.03 0.08
As 13. 8. 7.4 17.

cd 0.05 0.09 0.05 0.07
Co 8. 5.2 4.4 5.5
Cu 14, 14. 13. 21.

Ga 3.2 5.2 2. 6.9
Hg 0.14 0.10 0.08 0.18
Ni 15. 12. 6.9 11.

Pb 6. 6.8 4, 5.2
Sb 0.78 0.17 0.48 1.1
Se 2.3 2.9 2. 3.4
Zn 12, 13. 7.5 7.6
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mercury contents are slightly higher in the Alabama samples
than Sand and Lookout Mountéins samples and the Tennessee
samples contain slightly less.

Arsenic concgntration of the Sand and Lookout Mbuhfains
samples is slightly higher than in eastefn United States
and Tennessee samples and are about the same as Alabama
samples. |

Cadmium content of Sand and Lookout Mountains; Tennessee,

and Alabama samples is about the same; the eastefn United

States coal samples contain about twice as much cadmium as

the Sand and Lookout Mountains samples.

Gallium concentration is about the same in Sand and Lookout
Mountains, Tennessee, and eéstern Unifed Sfétes'coal
samples; Sand and Lookout Mountains coal contain two times

less gallium than does Alabama coal.

Antimony content- in Sand-and Lookout Mountains~coal is T

about four times greater than in eastern United States

coal; about twice as much as Tennessee coal; and slightly

"less than Alabama coal.

Zinc concentration in Sand and Lookout Mountains coal is
about the same as in eastern United States‘coaig zinc in-.
Tennessee and Alabama coal is slightly less than in Sand

and Lookout Mountalns coal.

A review of the tables in Information Circular 75 (Coleman and
others, 1985) reveals what appear to be anomalouély highef_géomet;ic.
mean concentrations, when compared té all samples from Sand and .
Lookout Mountains, of some lithophil and chalcoﬁhil elements, sulfur

species, and ash contents for the following coal beds.
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No. 1 8109, Ca0, MgO, P905, boron, barium, bromine,
fluorine, strontium, zirconium; organic sulfur

No. 2 P905, silver, arsemic, barium, cadmium, copper,
mercury, molybdenum, antimony, selenium, zinc,
pyritic sulfur, and total sulfur

No. 4 Ca0, chlorine

No. 5 Ca0, chlorine

No. 5A Molybdenum

No. 6 Ca0, FeyO3, chlorine and molybdenum
No. 8 Feq03, chlorine, arsenic, mercury, lead and
strontium
x " No: 9A Boron, barium, cadmium, ceSium, fluorine, mercury,

lanthanum, lithium, niobium, neodymium nickel,
lead, rubidium, tin,' tantalum, terbium, vanadium,
tungsten, zinc, zirconium, ash, and organic sulfur
NG.10 8i09, arsenicy borom, bromine, cerium, chromium,
¢césium, gallium, hafnium, mercury, lanthanum,
lithium, niobium, lead, scandium, selenium, tin,
tantalum, thorium, uranium, vanadium,; zirconium
As more- samples are collected and'analyzed from thesé coal beds

the anomalous chemical values are likely to changé or disappear.

Coal Utilization Parameters
During the utilization of coal there are particular coal quality
characteristics that are important. These include the alkali element

content, concentration of chlorine, phosphorus, and sulfur,:

I
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No. 1 8i0,, Ca0, MgO, P905, boronm, barium,
bromine, fluorine, strontium, zirconium, organic
.sulfur

No. 2 P05, silver, arsemic, barium, cadmium,
copper, mercury, molybdenum, antimony, selenium,
zinc, pyritic sulfur, and total sulfur

‘ No. 4 Ca0, chlorine

‘ No. 5 Ca0, chlorine
No. 5A Molybdenum
No. 6 Ca0, Feg03, chlorine and molybdenum
No. 8 Fegp03, chlorine, arsenic, mercury, lead, aﬁd
strontium
No. 9A Boron, barium, cadmium, cesium; fluorine, mercury,

lanthanum, lithium, niobium, neodymium nickel,

lead, rubidium, tin, tantalum, terbium, vanadium,

e e e bUNG ST @R, - 2ine s Zirconium, ash, and organic sulfur T

No. 10 $i09, arsenic, boron, bromine, cerium, chromium,
cesium, gallium, hafnium, mercury, 1anthaﬁuﬁ,
lithjum, niobium, lead, scandium, selenium, tin,
tantalum, thorium, uranium, vanadium, zirconium

As more samples are collected and analyzed from these coal béds,

the anomalous chemical values are likely to change or disappear.

Coal Utilization Parameters
During the utilization of coal there are particular coal quality
characteristics that are important. These include the alkali element

content, concentrations of chlorine, phosphorus, and sulfur,
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forms—of-sulfur, ash content, calorific value, ash-fusion
temperatures, free—swelling index, and the rank of the coal. In many
cases these coal quality properties are mutually dependent on each
other. In some cases their importance is governed by the planned end
use of the coal and whether cleaning and blending are contemplated
prior to use. |

A voluminous literature exists on the role played by the alkali
elements in coal ash in power plant combustion chambers. This
literature will not be reviewed. Sodium and potassium are reported
to cause fouling in power plant boilers and, if their concentration
exceeds 6 percent, they contribute to slagging problems in the
furnaces (Bryers and Taylor, 1576). The total alkali element
concentration in the Sand and Lookout Mountains samples is about 2
percent. fhis is comparable‘to the values in samples from adjacent
states and the.eastern United States’(Table 8), and it is much less
than 6 ﬁercent. | |

Both chlorine and phosphorus have been reported to contribute to
boiler deposits and corrosion associated with power plaht combustion
(Ely and Barnmhardt, 1963; Crossley, 1952; Kear and Menzies, 1952).
Crossley (1948) stated that coal qontaining less than 0.15 percent
chlorine‘éould be used with iittle combustion‘difficulty. Gluskoter
(1967), in studies of the Illinois Basin Herrin (No. 6) coal bed,
reported chlorine values which range from 0.00 to 0.65 percent.‘ Tﬁe
geometric mean value for chlorine in the Sand and Lookout Mountains
samples, on whole-coal basis, is‘0.07 percent, much less than 0.15
percent given by Crossley. For phosphorus the geometric mean value,
on coal-ash basis, is 0.21 percent in the Sand and Lookout Mountains

samples.
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Sand and Lookout Mountains coal is low-sulfur as indicated by the
geometric mean value (0.98) for all samples studied in this
investigation (Table 11). The total sulfur content ranges from 0.50 to
5.30 percent. This total sulfur content for Sand and Lookout Mountains
coal is less than the total sulfur content for the eastern United
States, Tennessee, and Alabama coal samplesl(Table 11).

The pyritic and organic sulfur contents of Sand and Lookout
MounQains{coal are also 1oﬁ. The geometric mean of pyritic sulfur
content is 0.25 percent. When compared with other samples, only the
pyritic‘gulfur content in Tennessee coal'is slightly lower. Organic
sul fur iﬁcSand and Lbbkout‘Mouﬁfains coai is 0.51 percéht aﬁd is less
than in the other similar samples (Table 11).

The Sand and Lookout Mountains coal samples are characterized by a
low ash content; the geometric mean is 7.53 percent. This is much lower

than the eastern United States and Alabama coal samples. Tennessee coal

.contains slightly less ash. —This 1OW*ash“contént?is'imﬁaftaht because

it determines the value of the coal and the selection of pulveriziﬁg and
cleaning equipment. | a

The geometric mean calorific value for Sand and Lookout Mountains
coal is 13,260 Btu per pound. Only the calorific value of some
Tennessee samples i1s higher. There are some Sand and Lookout Mountains
samples which contain more than 15,000 Btu per pound on an as-received
basis. 'Those samples that have relatively low Btu per pound may
represent samples collected in less than ideal circumstances.

Ash~fusion temperatures are important in assessing the clinkering
tendencies of the ash of the coal. The ash-fusion temperature of the

Sand and Lookout Mountains coal samples are similar to those of other
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Table 11. Comparison of important coal-quality parameters (geometric mean)in coal
utilization for bituminous coal samples from Sand and Lookout Mountains,
eastern U.S., Tennessee, and Alabama. Values are on whole-coal, as received

basis.
Coal-quality Sand and 850 samples 27 samples 20 samples
parameter Lookout Eastern U.S. Tennessee Alabama
Mountains (Zubovic and (Zubovic and (Zubovic and
45 samples others, 1980) others, 1979) others, 1979)
Sulfur (percent)
Total 0.98 1.6 1.2 1.4
Pyritic 0.25 0.71 0.24 0.66
Organic 0.51 0.79 0.73 0.67
Ash percent 7.53 9.3 5.2 11.8
Calorific value 13,260 © 12,560 13,510 12,660
(Btu/pound)
Ksh Fusion
Temperatures:
Deformation, 13020¢ - 12400¢ 13300¢ 126006 .
Softening 1353 1270 1380 1340
Fluid 1380 1370 1420 1410
Free Swelling 6.0 4.5 5.0 5.0
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Appalachian and eastern United States coal samples. These
temperatures are listed for specific coal beds in Information Circular
75 (Coleman and others, 1985).

The free-swelling index of Sand and Lookout Mountains coal samples
is about 6.0 (geometric mean). The range is 1.0 to 9.0. These values
indicate that the Sand énd.Lodkdﬁt.MountainSVSémples have some of the
highesﬁ'frée-;weiling inéék‘véiueé of any coal in thé eéétern United
States, and thus are some of the highest quality metallurgical or
metallurgicai'ﬁlénd coals inztﬁe United St;tes. 'This‘is'esPééially
relevant wﬁen.tﬁé low-ash and low—sulfur cogfents are considered.

Table 12 shows the caléﬁlated rank of each coalibed on Sand;and
Lookout Mountains. Data are derived from‘our study an& from Johnson
(1946), Gildersleeve (1946), and Nelson’(l945). This tab1e reveals
that all samples from Sand’ﬁquntain havé a calculated coal rank of
medium-vol;tiié bituminous,;%Samples collécted and analyzed from
" Lookout Mountain show that the youngest coal bed, No. i:'is”
medium~volatile bituminous in rank. Data from this study and from
Johnson (1946), Gildersleeve (1946), and Nelson (1945) reveal that the
predominant rank of the underlying No. 2, No. 3, No. 4, and No. 5 coal
beds is low-volatile bituminous. The rank changes to medium~volatile
bituminous in No. 5A and then changes back to 1ow—volétile bituminous
in our one sample of the No. 6 coal bed. Johnson, Gildersleeve, and
Nelson”s rank for the No. 6 is medium-volatile bituminous.

The rank for coal bed (No. 10) on Lookout Mountain is
medium-volatile bituminous. This rank is substantiated by our study
and by analyses from the previous workers. We conclude that the rank

changes with stratigraphic (time) position within the coal-bearing
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Table 12, Calculated rank of coal beds on Lookout and Sand Mountains, by coal bed.
Numbers in parenthesis are the number of samples having that rank. Parr
formula used in calculation, Abbreviations are Lvb = low-volatile
bituminous, Myb = medium~volatile bituminous, and HvAb = high-wolatile
A bituminous.

Lookout Mountain Sand Mountain
Coal Bed This Study Johnson, This Study Johnson
No. Gildersleeve, Gildersleeve,
and Nelson and Nelson

1 Mvb(1) Mvb(3) - —

2 Lyb(1) - -~ -

3 Lvb(2) Lvb(4) : - S e

Mvb(1)
4 Lvb(10) Lvh(5) - -
Mvb(1) Myb(1) ,

5 Lvb(2) - - -

5A Mvb(7) - - -

6 Lvb(1) Mvb(1) - -

6A - Mvb(1) ~- -

7 - : - - -

8 - - Mvb(3) Mvb(3)
9 Mvb(2) -- Mvb(3) Mvb(3)
9A - - Mvb(3) ==

10 Mvb(6) HvAb Mvb(1) Mvb(1)
11 - - - Mvb(1)
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sequence. The low-volatile bituminous coal beds are in the middle of
the stratigraphic section on Lookout Mountain. More research is needed

to confirm this relationship;

Coal Enviromnmental Parameters
From an envirommental viewpoint the most important édél quaiit;'
characteristics are the sulfur and ash contents and the ‘forms-of-
sulfur. Recently, however, more attention has been focused on the

trace elements in coal. These include such "enviroﬁmentally ééﬁéitive"
‘elements as arsenic, beryllium, cadmium, copper, mercury, hickél,tieéa,
antimony, selenium, and zinc. Many of these elements have eiéﬂéfk‘lu
¢ chalcophil or organic affinities. |
Dicussions about the concentrations of these eleméﬁts in Sand and
Lookout Mountains coal are covered previousiy in this bullétin;
Possible explanations for the unusual concentrations of the
"envirommentally sensitive" elements.in”éome coal beds are evident
when one examines- the number of coal sambles represented-by the
analyses for a particular coal bed, the ash content, and the pyritic
7‘§u1fur‘¢oncentration. For example, the No. 2 coal bed contains
unusually high values of most of the "environhentally sensitive"
elements. This bed is represented by a single sample even though two
analyses are reported. Moreover, the pyritic sul fur conteﬁt of this
coal bed is about 3.38 percent and the ash content is about 15
percent. These values are much higher than the geometric mean values
for all samples analyzed in this study. There are eight samples and
analyses representing the No. 10 coal bed. However, there are unusual
concentrations of the "environmentally sensitive" Chalcophii elements.

'The analyses in Information Circular 75 (Coleman and other, 1985)
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indicate that some of the samples have very high ash and pyritic

sulfur values. As a first approximation, one could assume that the

higher concentrations are related to the ash and pyritic sulfur

contents.

Coal bed No. 8 has higher than average concentrations of

the chalcophil elements and also has some samples which are high in

total sulfur and pyritic sulfur contents.

CONCLUSIONS

The following conclusions result from this investigation of the

quality of coal underlying Sand and Lookout Mountains in Georgia and

Alabama.

* Coal underlying Sand Mountain has a rank of medium~volatile

bituminous.

Coal underlying Lookout Mountain has a rank from
medium-volatile to low-volatile bituminous.

Coal underlying Sand and Lookout Mountains contains low
sulfur. The pyritic and organic sulfur contents are very

low for many of the coal beds and coal samples analyzed

_during the current study. Much of the pyritic sulfur might

be removed in routine beneficiation processes, yielding a
cleaner fuel.

Sand and Lookout Mountains coal can be categorized as low
in ash content. The geometric mean for all samples is less
than 8 percent ash on an as-received basis,

Sand and Lookout Mountains coal is some of the highest
quality metallurgical or metallurgic;l blend coal in the
Appalachian Basin and in the United States. This is
supported by a free*swellingvindex which ranges from 1 to 9

with a geometric mean value of 6.
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* The calorific value of Sand and Lookout Mountains coal is
greater than. 13,000 Btu per pound on an as-received basis.
Some samples have calorific values of 14,000 to 15,000 Btu
per pound indicating that some of this coal :has the highest
Btu per pound values in the United States.

* The major lithophil oxides such as Si0Oy, Al,03, MgO, K50,
Feg03, MnO, TiOg, and P905 in the Sand and Lookout
Mountains samples show only slight differences in
concentration when compared to values for eastern United
States, Tennessee and Alabama.

The Ca0 concentration in Sand and Lookout Mountains and Tennessee
samples is notably higher than in eastern United States and Alabama
coal -samples. .

There are notable Naj0 and P,05 concentration differences between
Sand and Lookout Mountains samples and Alabama samples.

| ’Differéncéélin”;§idé ;ﬁd chlorine éonﬁeﬁts é#iéf Seéﬁeen
individual coal beds on Sand and Lookout Mountains when compared to
the mean for all Sand and Lookout Mountains samples. These coal beds
and their anomalously different oxides and elements include:

No. 1--8i09, MgO and P,05

No. 2-~P905 and Fej03

No. 3--Ca0

No. 4--Ca0 and chlorine

No. 5--Ca0 and chlorine

No. 6-—Ca0, Fep03 and P,05

No. 8--Fejy03
No. 9--P905
No. 10--8i09
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The concentration of the minor and trace lithophil elements, when

compared with elemental concentrations from eastern United States,

Tennessee,

and Alabama coal samples, have the following similarities

and differences:

*

Beryllium, cerium, chromium, cesium, europium, germanium,
lanthanum, lutetium, scandium, samarium, terbium, yttrium,
and ytterbium concentrations in Sand and Lookout Mountains
coal samples are essentially the same as those in eastern
United States, Tennessee, and Alabama samples. This
suggests similar source area or depositional processes for
the coal beds.

The concentration of barium, gallium, germanium, hafnium,
lithium, niobium, neodymium, uranium, and zirconium in -
Alabama coal is at least twice that in Sand and Lookout
Mountains samples.

Strontium concentration in Sand and Lookout Mountains coal
samples is about the same as Alabama samples, but three
times greater than in eastern United States and Tennessee
Samples.

Boron concentration in eastern United States, Tennessee,
and Alabama samples is more than twice the boron
concentration in the Sand and Lookout Mountains samples.
Fluorine concentration is about the same in Sand and
Lookout Mountains, eastern United States, and Tennessee
samples, but Alabama coal has almost twice as much fluorine

as the Sand and Lookout Mountains coal.

66



The trace chalcophil elements in the Sand and Lookout Mountains
samples show the following concertration patterns:
* The overall concentration of silver, arsenic, cobalt, .
mercury, nickel, lead, selenium, and zinc in Sand and
Lookout Mountains samples is only slightly different from
- values ‘in other cdal from -.the eastern United States,
Tennessee, and Alabama.
* Cadmium and gallium contents are about the same or less
than reported values for similar coal in eastern United .’
States, Tennessee, and Alabama.
* Antimony concentration is unusually high in the Sand and :.
Lookout Mountains samples when compared to other bitumimnous
coals.
niti0 % Coal beds No. 2, No. 8, No. 9A, and No. 10 contain high
" concéntrations of the chalcophil elements when compared tq
DY L0 the overall geometric mean for all Sand and Lookout:
Mountains samples. This is especially evident for the-
elements arsenic, antimony, cadmium, mercury, lead, .- +«:
selenium, and zinc.
Lastly, depositional environments in which Sand and Lookout
Mountains coal accuﬁulated likely changed through time as indicated by
the variation of the lithologies which enclose them, by the presence
of marine horizons, by the variable sulfur and ash contents, major,
minor and trace element concentrations, and by the shape of the coal
beds and enclosing lithologies.
It is probable that these enviromments were similar to those
described by Milici and various other workers, and likely ranged from

barrier bar complexes to fluvial and alluvial systems.
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